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Tieatment algorithms for type 2 diabetes call for intensification of therapy over time as the disease progresses and glycaemic control worsens. 
If diet, exercise and oral antihyperglycaemic medications (OAMs) fail to maintain glycaemic control then basal insulin is added and ultimately 
prandial insulin may be reguired. However, such an intensification strategy carries risk of increased hypoglycaemia and weight gain, both of which 
are associated with worse long-term outcomes. An alternative strategy is to intensify therapy by the addition of a short-acting glucagon-like 
peptide-1 receptor agonist (GLP-1 RA) rather than prandial insulin. Short-acting GLP-1 RAs such as exenatide twice daily are particularly effective at 
reducing postprandial glucose while basal insulin has a greater effect on fasting glucose, providing a physiological rationale for this complementary 
approach. This review analyzes the latest randomized controlled clinical trials of insulin/GLP-1 RA combination therapy and examines results 
from 'real-world' use of the combinations as reported through observational and clinical practice studies. The most common finding across all 
types of studies was that combination therapy improved glycaemic control without weight gain or an increased risk of hypoglycaemia. Many 
studies reported weight loss and a reduction in insulin use when a GLP-1 RA was added to existing insulin therapy. Overall, the relative degree 
of benefit to glycaemic control and weight was influenced by the insulin titration employed in conjunction with the GLP-1 RA. The greatest 
glycaemic benefits were observed in studies with structured titration of insulin to glycaemic targets while the greatest weight benefits were 
observed in studies with a protocol-specified focus on insulin sparing. The adverse event profile of GLP-1 RAs in the reviewed trials was similar 
to that reported with GLP-1 RAs as monotherapy or in combination with OAMs with gastrointestinal events being the most commonly reported. 
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Introduction 

Type 2 diabetes is associated with overweight and obesity and 
has a complex pathophysiology characterized by abnormalities 
in insulin secretion, excess hepatic glucose production and 
insulin resistance in the liver and peripheral target tissues. As 
type 2 diabetes progresses, attaining and maintaining glycaemic 
control becomes increasingly challenging, risk of cardiovascular 
comorbidities increases, and weight gain is common [1]. 
In turn, weight gain further worsens hyperglycaemia, 
hyperinsulinemia, insulin resistance and dyslipidemia. 

Current treatment of type 2 diabetes begins with diet and 
lifestyle modification accompanied by use of a single oral 
antihyperglycaemic medication (OAM). As glycaemic control 
worsens, a second or third OAM is added. Ultimately, a 
basal insulin (such as neutral protamine Hagedorn insulin, 
insulin detemir or insulin glargine), or premixed insulin, 
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and/or a prandial insulin, may be added to the treatment 
regimen [2]. Despite, the addition of therapeutic agents and 
intensification of doses over time, glycaemic control often 
continues to deteriorate [2-6]. A substantial proportion of 
patients with type 2 diabetes (50-60%) can achieve glycaemic 
targets by initiating basal insulin and using a structured dose 
titration regimen [7]. However, in patients with long-standing 
type 2 diabetes, use of a prandial insulin is often required 
to maintain glycaemic control [2,8]. Such intensification of 
insulin regimens increases the risk of hypoglycaemia and may 
lead to weight gain which can increase cardiovascular risk 
and worsen weight-related comorbidities [1]. Hypoglycaemia 
is associated with increased mortality, risk of microvascular 
and macrovascular events and other adverse events [9,10]. 
Importantly, hypoglycaemia also produces psychological 
distress and avoidance of hypoglycaemia can be a barrier 
to effective management of diabetes medications [11]. 

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), 
more recent therapeutic options in the type 2 diabetes treatment 
arsenal, improve glycaemic control while producing weight loss 
or maintenance without increasing the risk of hypoglycaemia 
when used alone [12-20]. The first marketed GLP-1 RA was 
a short-acting twice daily (BID) formulation of exenatide 
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approved for use in the United States in 2005 and in the 
European Union in 2006. Subsequent marketed GLP-lRAs 
include liraglutide, a longer acting agent administered once 
daily (QD), and a long-acting formulation of exenatide admin- 
istered once weekly (QW) . Additional GLP- 1 RAs are in clinical 
development, including another QD agent, lixisenatide and 
two QW agents, albiglutide and dulaglutide [21]. GLP-lRAs 
improve glycaemic control through multiple mechanisms of 
action including enhancement of glucose-dependent insulin 
secretion from pancreatic ft -cells, glucose-dependent suppres- 
sion of inappropriately elevated glucagon secretion, slowing 
the rate of gastric emptying and the absorption of meal-derived 
glucose, and reducing caloric intake [19-23]. Deterioration 
of /?-cell function over time is a primary reason that gly- 
caemic control becomes increasingly challenging with the 
progression of type 2 diabetes [24] and some GLP-lRAs 
also show promise in preserving and improving markers of 
fi -cell function as evidenced by restoration of first-phase 
insulin secretion and enhancement of insulin synthesis and 
processing [19,20,25-27]. In addition, Bunck et al. suggested 
that long-term exenatide BID treatment (3 years) produced a 
small, durable improvement in ft -cell function which persisted 
4 weeks after discontinuation of exenatide BID [27]. 

Effects of GLP- 1 RA on blood glucose are believed to be medi- 
ated primarily through GLP- 1 receptors on pancreatic islet cells, 
stomach, liver and brain [28]. GLP-1 receptors have also been 
found in heart, kidneys and blood vessels, suggesting activation 
of these receptors may have direct effects on cardiovascular and 
other functions [29]. Indeed many studies have observed that 
GLP- 1 RA treatment is associated with favourable changes in 
risk factors or markers for cardiovascular disease such as blood 
pressure, triglycerides, low density lipoprotein cholesterol 
(LDL-C), C-reactive protein and adiponectin, as reviewed [29] . 

For patients who are unable to achieve adequate glycaemic 
control with basal insulin and OAMs, intensification of therapy 
with the addition of a short-acting GLP-1 RA may offer a 
number of advantages compared to the addition of rapid- 
acting prandial insulin. These include reduced risk of severe 
hypoglycaemia and weight gain compared to rapid-acting 
insulin, a mitigation of the weight gain associated with basal 
insulin therapy, and a reduced regimen complexity [30]. The 



combination of basal insulin with a short-acting GLP-1 RA 
offers the advantage of complementary pharmacological 
properties resulting in improvement of both fasting and post- 
prandial glycaemic control, respectively [14,30] (Table 1). Basal 
insulin controls fasting and preprandial glycaemia primarily 
by suppressing hepatic glucose production [2]. In contrast, 
GLP-1 RAs reduce postprandial glucose excursions by slowing 
gastric emptying, reducing postprandial glucagon secretion 
and stimulating glucose-dependent insulin secretion. Lesser 
effects on postprandial glucose excursions have been observed 
with longer acting GLP-1 RAs such as liraglutide QD and exe- 
natide QW [15,17]. GLP-1 RAs also promote satiety, decrease 
food intake and reduce body weight [19,20,22,23,31,32]. 

The use of exenatide BID as an add-on to insulin glargine, a 
long-acting basal insulin, was recently approved by the United 
States Food and Drug Administration (US FDA) and use 
of exenatide BID as an add-on to basal insulin was recently 
approved by the European Medicines Agency [ 33 ] . The addition 
of insulin detemir in patients not achieving adequate glycaemic 
control with liraglutide QD was recently approved by the 
US FDA and the European Medicines Agency [34,35]. For 
the new once daily GLP-1 RA lixisenatide, proposed use in 
combination with basal insulin is included the marketing 
authorization application filed with the European Medicines 
Agency in November 201 1. 

The objective of this review is to present results on all 
GLP-1 RAs that have been studied in combination with basal 
insulin and provide a clinical appraisal of safety and efficacy 
of these combinations. Focusing on studies in which patients 
were treated for more than 4 months, this review includes 
'real world' evidence such as observational and clinical 
practice studies as well as randomized controlled clinical trials. 
Compared to earlier exenatide-focused reviews [36,37] here 
we provide an updated analysis of the most recent studies, 
including those using combinations of insulin with liraglutide 
QD or lixisenatide QD. 

Literature Search Methodology 

A literature search was conducted in the following databases 
for the period of January 1, 2005 through December 31, 2011: 



Table 1. Complementary features of basal insulin and GLP-1 receptor agonists. 





Basal insulin 


GLP- 1 receptor agonist 1 


Primary effects 


,|,Fasting glucose 
4-lnterprandial glucose 


4-Postprandial glucose excursions 
|Fasting glucose* 


Mechanism 


^Hepatic glucose production 

f Non-glucose dependent endogenous insulin 

4,Glucagon secretion 

f Insulin concentration 


fGlucose-dependent insulin secretion 
4, Glucagon secretion 
4-Hepatic glucose production 

4-Gastric emptying rate 

f Satiety 

4- Food intake 


Effect on weight 


fBody weight 


4-Body weight 



*The most salient effect of GLP- 1 RAs is on postprandial glucose, however, fasting glucose is also reduced, especially with longer acting GLP- 1 RAs such as 
liraglutide and exenatide once weekly. 
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Medline, Embase, Biosis and Current Contents. In addition, 
abstracts for presentations from the American Diabetes 
Association, European Association for the Study of Diabetes, 
and International Diabetes Federation annual scientific con- 
gresses occurring in 2011 were reviewed to identify references 
that had not yet been indexed in these databases. Review arti- 
cles, preclinical studies, pharmacokinetic/pharmacodynamic 
studies, case studies and publications without safety or efficacy 
data for the combined use of insulin and GLP-1 RA com- 
bination were excluded. Both prospective and retrospective 
observational studies, clinical practice studies and controlled 
clinical trials in which patients were treated for more than 
4 months were considered. Studies were included only if 30 
or more patients were reported to have received combined 
insulin and GLP-1 RA therapy and if HbAlc change was 
reported. Studies appearing in abstract form may have been 
included if a manuscript was not yet available. Key efficacy 
and safety results were summarized based on the following 
parameters: glycaemic control (assessed with HbAlc, fasting 
glucose and postprandial glucose), body weight, insulin dose, 
rate/incidence of hypoglycaemia and overall safety profile. 
Ongoing trials of combined insulin and GLP-1 RA therapy 
were identified using the US National Institutes Health Clinical 
Trials Registry (www.clinicaltrials.gov). While the manuscript 
was under review three studies which were originally cited in 
abstract form appeared as published manuscripts and their 
citations were updated accordingly although the publication 
date was outside of the originally specified literature search 
window. 

Literature Identified 

Manuscripts and abstracts from a total of 14 observational/ 
clinical practice studies (Table 2) and five clinical trials 
(Table 3) met the criteria for inclusion in this review. Published 
information was available for the combined use of insulin with 
the GLP-1 RAs exenatide BID, liraglutide QD and lixisenatide 
QD. There were no studies of combination use of insulin 
and exenatide QW. The duration of combined GLP-1 RA 
and insulin therapy ranged from approximately 5-48 months 
across studies and thus provided a sufficient treatment period 
for establishing efficacy and assessing adverse events. 

Approximately 5000 patients were reported to have received 
combination treatment with a GLP-1 RA and insulin. The 
majority of GLP-1 RA exposures (approximately 90%) were 
among patients treated with exenatide BID and were reported 
in observational studies. This finding is as expected given that 
exenatide BID received marketing authorization 5 years before 
liraglutide. Nonetheless, recent audits in the UK indicate that 
approximately 40% of 2303 patients treated with liraglutide 
use the agent in combination with insulin [38]. As lixisenatide 
QD is still in development, all data for this GLP-1 RA in 
combination with insulin were limited to clinical trials. 

Across the publications, the average duration of diabetes in 
study subjects ranged from 7 to 15 years. Single or dual use of 
concomitant OAMs in combination with insulin was reported 
in all clinical trials and in most of the observational and clinical 
practice studies. OAMs used, in decreasing frequency, were 



metformin, sulphonylureas, thiazolidinediones, and DPP-4 
inhibitors. 

In clinical trials, GLP-1 RAs were only used in combination 
with long-acting basal insulins (insulin glargine, insulin 
lispro protamine suspension [ILPS], or insulin detemir). 
In observational/clinical practice studies, insulin type was 
not always identified. When it was identified, basal insulin, 
particularly insulin glargine, was cited most frequently. Small 
numbers of patients received multiple daily injections of insulin 
(premixed insulin or basal insulin plus short-acting insulin or 
rapid-acting insulin) in observational/clinical practice studies 
[39-42]. In none of these studies did it appear that GLP- 
1 RA was administered as a substitute for existing prandial 
insulin. 

Across studies it was more common to find short-acting 
GLP-1 RA treatment added to an existing insulin regimen (with 
or without concomitant OAMs) rather than insulin added to 
existing GLP-1 RA therapy. Of the 19 studies reviewed, only 3 
clinical trials and 2 observational studies (approximately 657 
total patient exposures) described clinical outcomes for the 
addition of insulin to existing GLP-1 RA therapy. 

Clinical Efficacy 

HbAlc, Body Weight and Insulin Dose 

Observational/Clinical Practice Studies. A number of real world 
observational studies have reported the potential beneficial 
effects of the short- acting GLP-1 RA/insulin combination on 
both glucose control (HbAlc) and body weight reduction 
(Table 2). All studies identified in the literature review reported 
HbAlc as a parameter of glycaemic control, almost all studies 
reported body weight, and many reported changes in insulin 
use. Data on other parameters of glycaemic control (fasting and 
postprandial glucose) were reported infrequently. Changes in 
HbAlc, body weight and insulin dose with combined GLP- 1 RA 
and insulin treatment in observational studies are illustrated in 
Figure 1 with a line representing each published report. 

The largest analysis to date of combined exenatide and 
insulin treatment is a nationwide audit of exenatide BID use 
conducted by the Association of British Clinical Diabetologists 
(ABCD) [43]. Their report evaluated the prevalence of 
combined use of exenatide BID with any type of insulin and 
outcomes associated with long-term use of the combination. 
Median patient follow-up was more than 6 months and 
outcomes were compared with those of patients using exenatide 
BID without insulin. Of 4857 patients using exenatide BID who 
had baseline and follow-up data, 1257 patients added exenatide 
to existing insulin therapy, 664 patients added insulin to existing 
exenatide therapy, and 2936 patients used exenatide without 
insulin. There was no insulin only comparison group and types 
of insulin used were not specified. Patients on exenatide BID 
alone experienced a 0.94% reduction in HbAlc and a body 
weight reduction of 5.5 kg. Patients already on insulin who 
added exenatide also experienced reductions in HbAlc and 
body weight (0.51% and 5.8 kg, respectively) while reducing 
insulin use from 120 U/day at baseline to 78 U/day at the end 
of follow-up. 
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Table 2. Key efficacy results for clinical practice studies and observational studies examining combination therapy of GLP-1 receptor agonists and basal 
insulin in type 2 diabetes. 



Thong et al. 
[43] 



Study Treatment 

type duration Treatment regimen 



PObs Median26 EXEN ->• Ins ± MET ± SU ± TZD§ 9.55 4,0.51 112.7 4,5.8 



HbAlc(%) BodyWt(kg)|| A Insulin dose (total daily) 



120 U 



4,42 U 



weeks 
Median 27 
weeks 



Pawaskar et al. RObs Mean 12 



(N= 1257) 
< Control > EXEN without 
Ins ± MET ± SU ± TZD§ 
(N = 2936) 

EXEN -+ Basallns (N = 1320) 



9.42 4,0.94 114.1 4.5.5 



8.5 4,0.5 111.4 4.4.0 



NA 



NR 



[44] months Basallns -+ EXEN (N= 432) 

Levin etal. RObs 24 months InsGlar -*• EXEN ± MET ± SU 
[46] ±TZD(N = 44) 

EXEN -+ InsGlar ± MET ± SU 
±TZD (N= 121) 



8.9 4.1.0 
8.7 4.0.7 



112.2 fO-7 
108.4 4.2.5 



0.37 U/kg 



NA 

fO. 10 U/kg 



Sheffield et al. 
[16] 


RObs 


mean 14.6 
months 


EXEN Ins (N= 134) 


8.39 


4.0.87 


111.1 4.5.2 


63 U (all) 
48 U (basal) 
26 U (bolus) 


4.5 U (all) 
fl U (basal) 
4.9 U (bolus) 


Levin et al. 


RObs 


12 months 


InsGlar^ EXEN (N= 141) 


8.9 


4.0.9 


NR 




NA 


[45] 






EXEN InsGlar (N = 281) 


8.4 


4.0.4 


NR 




NR 


Yoon et al. 
[41]* 


RObs 


mean 50 
weeks 


EXEN ->■ Ins ± MET ± TZD ± 
SU ± a-glucosidase 
inhibitor ± meglitinide (N = 188) 


8.05 


4,0.54 


117.8 4.5.5 


99.9 U (all) 4.5.4 U (all) 
62.9 U (basal) f ~ 4.5 U (basal) 
29.4 U (prandial) j ~ 16.5 U (prandial) 


Nayak et al. 
[47] 


PObs 


~6 months 


EXEN Ins + MET (N = 160) 


8.8 


4,0.2 


121.8 4.10.7 


144 U 


4.93 U 


Viswanathan 
et al. [42] 


RObs 


mean 26 
weeks 


EXEN -+ Ins ± OAM(s) (N = 38) 


7.7 


4,0.6 


116.4 4.6.4 


58.4 U (basal) 
50.4 U (rapid) 
72.9 U (mix) 


4,5.3 U (basal) 
4,13.8 U (rapid) 
4.44.6 U (mix) 



PhiUips et al. CP 
[48] 

Anholm et al. CP 
[39] 



Christofides 
etal. [64]f 

Houser et al. 
[79] f 



CP 



CP 



6 months EXEN ->• MET + SU + InsGlar 
(N = 50) 

Mean 6.4 LIRA ->■ Insfi MET ± SU 

months (N=115) 
Mean 7 LIRA MET ± SU ± DPP-4 

months (N=152) 

<21 EXEN Ins ± MET ± PIO 

months (N=109) 

EXEN ^ MET ± PIO (N= 132) 

48 months EXEN Ins ± MET ± PIO 
(N = 47) 
EXEN MET ± PIO (N = 50) 



EXEN -± Ins ± OAM (unspecified) 
(N = 42) 



Vithian et al. CP Mean 19 
[49] weeks 

Rachabattula R Obs 12 months EXEN -+ Ins ± MET (N = 1 0 1 
etal. [61] 

Lind et al. [40] R obs Mean 7 

months 



LIRA (N = 40) or EXEN 

(N = 2 1 ) Insi± MET ± SU 



8.2 4.1.4 

8.6 4.0.8 

8.7 4.1.4 

8.1 4.0.78 

7.1 4.0.79 

8.1 4.1.16 

7.1 4.1.06 

8.9 4.0.75 

9.4 4.1.3 

8.9 4.1.0 



133.6 f4-l 

107.7 4.5.1 

106.4 4.3.5 

NR 4.4.3 

NR 4.1.7 

NR 4.7.3 

NR 4.6.8 

NR 4.5.41% 

120.5 4.4.5 
111.1 4.7.1 



105 U 
69 U 



4,8 u 
4,28 U 



NA 

NR 

NA 
NR 

NA 
NR 



135 U 
91.1 U 



4.21 u 

4.38.6 U 



Basallns, basal insulin; BL, baseline; CP, clinical practice; DPP-4, dipeptidyl peptidase 4 inhibitor; EXEN, exenatide twice daily formulation; Ins, insulin; 
InsGlar, insulin glargine; LIRA, liraglutide; MET, metformin; NA, not applicable; NR, not reported; PIO, pioglitazone; P Obs, prospective observational; 
R Obs, retrospective observational; SU, sulphonylurea; TZD, thiazolidinedione. 
♦Efficacy results represent 18 to 27 months. 

f27% of patients were using InsGlar, and 35% were using premix insulin. 

$52. 5% of patients received multiple daily injections, with 34% receiving basal and 1 1.5% receiving premix insulin. 
§Other OAMs were used, but frequency was low. 

J These studies present data for the same patient population followed for different lengths of time. 

|| Body weight changes are reported in kg unless otherwise specified. Insulin doses reflect total daily doses unless otherwise specified. 
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Table 3. Key efficacy results for randomized controlled clinical trials examining combination therapy of GLP-1 receptor agonists and basal insulin in 
type 2 diabetes. 



Treatment 


Background 


Randomly assigned 
treatment 




HbAl 


c (%) 


Body Wt (kg) 


A Insulin dose (total daily) 


Citation duration 


treatment* 


BL 


A 


BL 


A 


BL 


A 


GLP-1 receptor agonist added to insulin 


















Buse et al. [ 52 ] 30 weeks 


InsGlar±MET±PIO 


EXEN (N= 138) 




8.32 


4,1.7 


95.4 


41.8 


49.5 U 


fl3U 






PBO (N= 123) 




8.50 


11.0 


93.4 


fl.O 


47.4 U 


t20U 


Seino et al. [53] 24 weeks 


SU + Basallnsf 


LIXI(N = 154) 




8.54 


4.0.77 


65.9 


40.4 


24.9 U 


41.39 U 






PBO (N= 157) 




8.52 


f0.ll 


65.6 


fO.l 


24.1 U 


40.11 U 


Insulin added to GLP-1 receptor agonist 


















Riddle etal. [54] 24 weeks 


MET + EXEN 


EXEN + InsGlar (N = 


17) 


7.8 


11.35 


NR 


f0.4 


NR 


0.50 U/kg§ 






PBOt-l- InsGlar (N = 


17) 




4.0.5 


NR 


f4.1 


NR 


0.56 U/kg§ 


Blevins et al. [55] 24 weeks 


EXEN + MET ± SU or 


InsGlar (N= 168) 




8.2 


|1.4 


102.3 


f0.7 


NR 


38 U§ 


Arakaki et al. [56] 


EXEN + MET ± PIO 


1LPS(N=171) 




8.2 


41.2 


101.6 


40.3 


NR 


31 U§ 


DeVries et al. [57] J 26 weeks 


MET + LIRA 


InsDet (N= 162) 




7.6 


40.5 


96.0 


40.2 




NA 






< Control > (N= 161 


) 




40.02 


95.3 


41.0 






Bain et al. [58] 5 52 weeks 


MET + LIRA 


InsDet (N= 130) 




7.6 


40.5 


NR 


40.1 




NA 






<Control> (N = 92) 






fO.01 


NR 


41.0 







Basallns, basal insulin; BL, baseline; EXEN, exenatide twice daily formulation; ILPS, insulin lispro protamine suspension; InsDet, insulin detemir; InsGlar, 
insulin glargine; LIRA, liraglutide; LIXI, lixisenatide; MET, metformin; NA, not applicable; NR, not reported; PBO, placebo; PIO, pioglitazone; SU, 
sulphonylurea. 

♦Does not include treatments that were discontinued prior to start of randomly assigned treatment. 

t Basal insulins were InsGlar (60%), InsDet (27%), neutral protamine Hagedorn insulin (13%); <1% also used premix insulin. 
^Exenatide was replaced with placebo. 
§Insulin dose at 24 weeks. 

^DeVries et al. [57] and Bain et al. [58] present analyses at different time points for the same study. 



In another large study, Pawaskar et al. reviewed patients 
from the General Electric Electronic Medical Record Database 
who initiated insulin treatment with insulin glargine, insulin 
detemir or the intermediate-acting insulin, neutral protamine 
Hagedorn within 6 months before or after initiating exenatide 
BID treatment [44]. Approximately 25% of patients (432 of 
1752) added insulin to exenatide BID with the remaining 
majority of patients (1320) adding exenatide BID to insulin. 
Over the 12-month post-index period HbAlc decreased from 
8.5 to 8.0% and body weight decreased by 4 kg from a baseline 
of 1 1 1 kg. In a retrospective insurance claims database study, 
Levin et al. observed similar HbAlc improvements over a 12- 
month period for patients receiving each GLP- 1 RA/insulin 
treatment sequence [45]. 

Results from a number of retrospective medical chart reviews 
are consistent with the large studies described above. For 
example, Sheffield et al. conducted a clinical case review of 134 
patients who received exenatide BID and insulin (basal and/or 
rapid-acting insulin analogues) [16]. Patients experienced a 
mean HbAlc reduction of 0.87% after a mean of 14.6 months 
and the proportion of patients achieving Hb A 1 c < 7% increased 
to 37 from 16% at baseline. Body weight showed mean 5.2 kg 
reduction similar to that reported in other studies. Importantly, 
while neither the mean total daily insulin dose nor the mean 
basal insulin dose was significantly changed in patients who 
received the combined treatment, 45% of patients using rapid- 
acting insulin were able to discontinue the medication and 
35% reduced their rapid-acting insulin dose. The proportion 



of patients using sulphonylureas and mean sulphonylurea dose 
also declined. 

Findings from a chart review by Levin et al. [46] were 
consistent with the ABCD study. They evaluated 165 patients 
treated for up to 24 months with the combination of insulin 
glargine and exenatide BID. Regardless of the sequence in which 
the medications were added [(glargine to exenatide (n = 44) 
or exenatide to glargine (n= 121)], HbAlc was significantly 
reduced at 24 months. For patients adding insulin glargine to 
exenatide BID, HbAlc was reduced by 1% from a baseline 
of 8.9% while those patients adding exenatide BID to insulin 
glargine experienced a mean HbAlc reduction of 0.7% from a 
baseline of 8.7%. By study endpoint, 34% of patients who had 
added exenatide BID to insulin glargine had achieved an HbAlc 
<7%, a therapeutic target consistent with ADA guidelines, 
while 31% of patients in the other treatment sequence 
also achieved the same goal. Body weight was significantly 
reduced in the exenatide BID added to insulin glargine 
group (—2.5 ±6.7 kg) but was not significantly changed in 
the group that added insulin glargine to exenatide BID 
(+0.7 ± 8.3 kg). Likewise, Yoon et al. made similar observations 
in a retrospective clinical practice review which evaluated 188 
patients adding exenatide BID to insulin therapy (basal with or 
without prandial) [41]. At 18-27 months, mean reduction in 
HbAlc was 0.5% and mean weight reduction was 5.5 kg. 

Progressive weight gain associated with insulin therapy is a 
major challenge for diabetes patients, particularly those with 
obesity. Several studies focused on the use of exenatide BID and 
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V I V V v I I L I >w I V 

-■- GLP-1 RA added to insulin 

-■- Insulin added to GLP-1 RA 

-*- GLP-1 RA + insulin (sequence not specified) 

10-1 




Baseline Endpoint 



Figure 1. Key efficacy results from observational studies of combination 
therapy with insulin and a GLP- 1 receptor agonist. Colour coding indicates 
changes in (A) HbAlc (B) body weight and (C) insulin dose between 
baseline and endpoint. Note, not all parameters were reported for each 
study. 

insulin (basal with or without prandial) combination therapy 
in patients with obesity and type 2 diabetes [42,47-49]. For 
example, Nayak et al. undertook a prospective study in 174 
consecutive obese patients (mean BMI 43kg/m 2 ) with type 2 
diabetes and poor glycaemic control (mean HbAlc 8.8%) [47] . 
The initial focus of the protocol (0-6 months) was to promote 
weight loss by maximizing metformin utilization, introducing 
exenatide BID and down-titrating insulin dosages while 
maintaining or improving glycaemic control. At 6-12 months 
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the protocol focus shifted to maintaining weight loss and 
correcting any residual problems with glycaemic control. The 
types of insulin used were not specified. In the 160 patients 
who completed 6 months of therapy, mean weight loss was 
approximately 1 1 kg, total daily insulin dose decreased from 
144 to 51 U/day, and HbAlc was not significantly changed 
(8.8% at baseline, 8.6% at 6 months). In the 57 patients who 
completed 12 months of treatment, mean reductions in weight 
(13 kg from baseline) and insulin use (159 U/day at baseline, 
55 U/day at 12 months) were maintained but HbAlc did not 
improve (9.2% at baseline, 9.1% at 12 months). The lack of 
improvement in HbAlc was ascribed by the investigators to the 
inertia both from patients and physicians to up-titrate insulin 
because of apprehension that it would slow weight loss or 
induce regain of body weight. It is well established that this 
population with severe obesity and poor glycaemic control is 
challenging to manage successfully due to the risk of aggravating 
their obesity with intensification of insulin therapy [50,51]. 

In another study with obese patients, Viswanathan et al. 
conducted a retrospective chart review of 52 patients with 
type 2 diabetes in whom exenatide BID was added to insulin 
with a mean follow-up period of 26 weeks [42]. Insulins used 
included rapid-acting, mixed and basal. They observed a mean 
body weight reduction of approximately 6.5 kg, a mean HbAlc 
decrease of 0.6%, and significant reductions in rapid-acting 
and mixed insulin dosages. In an abstract on a clinical practice 
study of 50 obese patients with type 2 diabetes, Phillips 
et al. reported that addition of exenatide BID to existing 
therapy with metformin, glipizide and insulin glargine led to a 
significant reduction in HbAlc from 8.2% at baseline to 6.8% 
for the 35 patients completing 6 months of treatment [48]. In 
contrast to other reports on combined GLP-1 RA and insulin 
treatment, there was an increase in body weight from 134 
to 138 kg, although it was not statistically significant. Insulin 
glargine was infrequently titrated (6-8 week intervals) in this 
study and insulin dose was not significantly reduced during the 
course of the trial which may be related to the lack of weight 
benefit from the combination. 

Due to the design of most of the observational studies the 
insulin titration schemes used were unknown and likely highly 
variable; however, as expected, the studies with the largest 
reductions in weight (reductions of 5-6 kg) also reported 
significant reductions in prandial insulin dose, total daily 
insulin dose, and/or percentage of patients using prandial 
insulin [16,41-43,47]. The two studies of exenatide BID plus 
insulin combination therapy which had a protocol-specified 
focus on insulin sparing reported very favourable changes 
in weight (6- 10 kg) but modest improvements in glycaemic 
control (0.2-0.6% HbAlc reductions) [42,47]. In contrast the 
study which reported limited down-titration of insulin had 
substantial gains in glycaemic control (HbAlc, —1.4%) and 
no improvement in body weight following the addition of 
exenatide BID to insulin glargine therapy [48]. 

Other observational and clinical practice studies (Table 2) 
reported HbAlc, body weight and insulin improvement similar 
to most of those described above. One of the most consistent 
observations across these studies was the notable reduction 
in body weight when a GLP-1 RA was used in combination 
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with insulin. GLP- 1 RAs have been shown to increase satiety 
and decrease food intake. In addition, changes in lifestyle 
associated with enthusiasm for starting a new therapy may 
have contributed to body weight reduction. These findings 
from observational and clinical practice studies show the 
potential benefits of GLP- IRA for lowering HbAlc, body 
weight and total daily insulin dose when added to patients 
not adequately controlled on insulin therapy. However, there 
are several limitations that need to be acknowledged. These 
include the lack of a parallel comparator group, the absence of 
protocol-specified criteria to monitor changes in background 
medications, potential underreporting of adverse events (only 
those captured in the medical chart), and potential selection 
bias by the investigator in the review of medical records. 
The randomized controlled clinical trials that have examined 
the combination therapies are free from many of these 
limitations. 

Randomized Controlled Trials. Combinations of GLP- 1 RAs 
and insulin have also been evaluated in a number of recent 
randomized controlled clinical trials investigating exenatide 
BID, liraglutide QD and lixisenatide QD (Table 3). 

GLP-1 receptor agonist added to insulin. Buse et al. conducted 
the first double-blind, placebo-controlled study of concomitant 
therapy with a GLP-1 RA (exenatide BID) added to existing 
basal insulin therapy (insulin glargine) [52]. Patients on 
pre-existing (>3 months) insulin glargine (with or without 
OAMs) were randomized to placebo (n= 123) or exenatide 
BID (n= 138) and insulin glargine was systematically titrated 
according to the Treat-to-Target algorithm [7] with the goal of 
achieving fasting plasma glucose below 5.6 mmol/1 ( 100 mg/dl). 
Most patients had long-standing type 2 diabetes (mean duration 
was 12 years and approximately 14% of patients had diabetes 
duration >20 years). After 30 weeks of treatment with exenatide 
BID or placebo, the exenatide group exhibited decreases in 
HbAlc and weight (mean changes from baseline —1.7% 
and —1.8 kg, respectively), whereas the placebo group had 
a smaller reduction in HbAlc (—1.0%) and gained weight 
(+0.96 kg). The difference in HbAlc levels between exenatide 
and placebo was similar regardless of OAM use and subject 
age. An important aspect of the design of the Buse et al. study 
was the aim to optimize insulin therapy through titration to 
fasting glucose targets. Although, mean insulin doses increased 
in both groups, the greater improvement in glycaemic control 
with exenatide BID was observed with a significantly smaller 
increase in daily insulin dose (13 vs. 20 U/day), with associated 
weight loss rather than weight gain, and with no increased 
risk of hypoglycaemia. Numerous methodological differences 
make comparisons difficult between trials, however, it should be 
noted that the reduction in HbAlc in this study was greater than 
in the exenatide plus insulin observational and clinical practice 
trials while the reduction in weight was more modest than in 
most of those trials. These differences may be explained by the 
systematic up-titration of insulin glargine to optimize glycaemic 
control in Buse et al. [52] while most of the observational and 
clinical practice trials reported decreased insulin use which 
often included both prandial and basal insulin. In addition, 
baseline weights were higher in the observational studies 



(108-134kg) compared to this study (94kg), suggesting a 
greater margin for improvement in weight. 

In the only other available randomized controlled study of a 
GLP-1 RA added to basal insulin, Seino et al. reported on the 
efficacy and safety of 20 meg lixisenatide QD versus placebo in 
311 Asian patients with type 2 diabetes inadequately controlled 
with basal insulin (isulphonylurea) over a treatment period 
of 24 weeks [53]. Addition of lixisenatide led to a 0.8% 
reduction in HbAlc from a baseline of 8.5% with 36% of 
patients achieving HbAlc <7% and 18% achieving HbAlc 
<6.5%. Fasting glucose (—0.42 mmol/1) and insulin dose (—1.4 
U/day) were modestly reduced, and there were non-significant 
decreases in body weight (—0.4 kg). 

Insulin added to GLP-1 receptor agonist. Three randomized 
controlled trials have added basal insulin to existing GLP- 1 RA 
therapy. Riddle et al. examined the addition of insulin glargine 
to metformin plus exenatide BID treatment (MEXELIN) 
[54]. After an 8-week lead-in on metformin plus exenatide 
BID, patients were randomly assigned to receive either 
metformin/exenatide/insulin glargine (n= 17) or metformin/ 
placebo/insulin glargine (n= 17) for an additional 24 weeks. 
Insulin glargine was systematically titrated according to the 
Treat-to-Target algorithm [7]. More patients achieved HbAlc 
targets <6.5% and <7.0% with metformin/exenatide/insulin 
glargine treatment (47% and 76%, respectively) compared to 
those receiving metformin/placebo/insulin glargine (12% and 
24%, respectively). In contrast to the 4.1-kg weight gain that 
resulted with metformin/placebo/insulin glargine, there was 
minimal weight gain (0.4 kg) with metformin/exenatide/insulin 
glargine treatment. 

A larger open-label, multicenter, randomized, 24-week 
clinical trial compared two basal insulin/exenatide BID 
combination therapies [55,56]. Insulin glargine (n= 168) or 
ILPS (n=171) was added to existing exenatide BID and 
OAMs. Basal insulin was systematically titrated to achieve 
fasting glucose below 5.5 mmol/1. HbAlc was reduced 1.2% 
with the ILPS combination and 1.4% with the insulin glargine 
combination and the percentage of patients achieving HbAlc 
<7.0% was not significantly different between treatments. 
Weight gain ( < 1 kg) was similar between treatments while 
the total insulin dose was lower for ILPS compared to insulin 
glargine (31 vs. 38 U/day). These results show that either insulin 
can be used to effectively improve glycaemic control in patients 
inadequately controlled with oral agents and exenatide BID. 

Finally, DeVries et al. 2012 reported a triple therapy study 
where basal insulin detemir was added to liraglutide QD 
plus metformin [57]. This liraglutide/insulin combination trial 
employed a similar order of therapy intensification as used in 
the MEXELIN trial. A 12-week lead-in with liraglutide plus 
metformin was followed by 26-week randomized period in 
which subjects not reaching HbAlc <7.0% during the lead- 
in either added insulin detemir or stayed on metformin plus 
liraglutide. Sixty-one percent of patients achieved HbAlc <7% 
during the lead-in period and had a mean HbAlc reduction 
of 1.3%. Patients not reaching HbAlc <7% during the lead-in 
had a mean HbAlc reduction of approximately 0.6%. From 
this group, patients randomly assigned to intensification of 
therapy with the addition of detemir for 26 weeks experienced 
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Figure 2. Self-monitored blood glucose concentration in patients 
receiving insulin glargine in combination with either placebo or exenatide 
twice daily for 30 weeks. Values are least-squares mean ± standard error. 
*p<0.01, **p < 0.001 for between-group comparison. Adapted with 
permission from [52]. 

a further HbAlc decrease of 0.5% while mean HbAlc was stable 
for those remaining on metformin plus liraglutide. Mean body 
weight decreased in all groups during the lead-in period (—3.5 
to —4.4 kg) and remained stable or decreased further, even 
in the patients adding insulin detemir during the randomized 
period (—0.2 kg). HbAlc and weight remained stable in an 
extension covering an additional 26 weeks [58]. 

In the randomized controlled trials, addition of GLP- 1 RA to 
existing basal insulin therapy resulted in improved glycaemic 
control with modest loss [52] or non-significant change 
in weight [53]. In general, when basal insulin was added 
to existing GLP- IRA therapy there was improvement in 
glycaemic control with no change in weight or minimal weight 
gain in both the randomized trials [54-56,58,59] and the 
observational studies [45,46]. 

Postprandial Glucose 

Two randomized controlled trials have described the changes 
in glucose excursions following meals when patients are treated 
with a GLP-1 RA added to insulin. Buse et al. [52] reported, 
based on self-monitored blood glucose, that at all time points 
(except the morning pre-meal/fasting) exenatide BID used 
in combination with insulin glargine was associated with 
both statistically and clinically significant lowering of blood 
glucose compared with placebo and insulin glargine (generally 
by >1 mmol/1; Figure 2). Furthermore, average postprandial 
glucose levels in patients treated with exenatide BID and insulin 
glargine were well within current treatment targets, particularly 
after the morning and evening meals, when exenatide BID was 
administered. 

More recently, the addition of lixisenatide QD (20 meg 
once daily) to basal insulin has been associated with significant 
improvement in 2-h postprandial glucose, glucose excursions 
and average 7-point self-monitored blood glucose which were 
reduced by a mean of 1.9mmol/l (vs. 0.6mmol/l reduction 
with placebo) [53]. 
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No randomized trials have reported on the addition of 
liraglutide QD to basal insulin therapy, however, when 
exenatide BID and liraglutide QD were compared head-to- 
head (not in combination with insulin), exenatide BID was 
associated with greater improvement in post-prandial glucose 
than liraglutide QD (treatment group difference of 1.3 mmol/1 
after breakfast and 1.0mmol/l after dinner) [17]. In contrast, 
improvements from baseline in HbAlc and fasting plasma 
glucose were greater with liraglutide (treatment differences of 
0.3% and 1.1 mmol/1, respectively). Given the paucity of data 
on prandial changes in patients treated with GLP-1 RAs in 
combination with insulin, head-to-head studies are needed to 
determine the relative benefits of each combination. 

Other Efficacy Parameters (Blood Pressure, Lipid 
Profile) 

Type 2 diabetes is associated with increased risks of cardiovas- 
cular disease and many studies have shown improvements in 
cardiovascular risk factors with GLP-1 RA therapy [29]. Here, 
we summarize what has been reported about cardiovascular 
changes associated with GLP-1 RAs when used in combination 
with insulin. 

In controlled clinical trials decreases in blood pressure 
have been reported in two studies of GLP-1 RA/basal insulin 
combination therapy. Buse et al. [52] reported that 30 weeks 
of treatment with exenatide BID added to existing insulin 
glargine resulted in statistically significant decreases in systolic 
(—2.7 mm Hg) and diastolic (—1.7 mm Hg) blood pressure 
in contrast to increases in the group adding placebo to insulin 
glargine (+1.7 mm Hg systolic, +1.7 mm Hg diastolic). These 
improvements occurred in patients who were already con- 
trolled with concomitant drug therapy for hypertension. There 
were no significant differences between groups in triglycerides, 
high density lipoprotein cholesterol (HDL-C), LDL-C and 
non-HDL-C. Rodbard et al. [60] described blood pressure 
changes in patients adding insulin detemir for 26 weeks follow- 
ing a 12-week lead-in period on metformin and liraglutide QD. 
They reported decreases in systolic blood pressure (—1.6 to 
—3.3 mm Hg) and diastolic blood pressure (—0.9 to — 1.3 mm 
Hg) during the lead-in followed by minimal non-significant 
differences after intensification of therapy with insulin detemir. 

Available evidence from observational studies, case reviews 
and clinical practice studies on the changes in cardiovascular 
risk factors associated with GLP- 1 RA and insulin therapy was 
limited to studies of combinations of insulin with exenatide 
BID. Pawaskar et al. [44] observed statistically significant 
reductions in several lipid parameters over 12 months in a large 
medical record database review: total cholesterol (—3.9 mg/dl, 
-0.1 mmol/1), triglycerides (-8.9 mg/dl, -0.1 mmol/1), LDL-C 
(-1.9 mg/dl, -0.05 mmol/1), non-HDL-C (-3.9 mg/dl, 
-0.1 mmol/1), and HDL-C (-0.8 mg/dl, -0.02 mmol/1). 
These changes were accompanied by a very small but statis- 
tically significant reduction in diastolic blood pressure from 
75.6 mm Hg to 74.9 mm Hg. In a smaller case review study 
Sheffield et al. [16] observed statistically significant decreases 
in total cholesterol (—5 mg/dl, —0.13 mmol/1) and triglycerides 
(—6 mg/dl, —0.07 mmol/1) in patients receiving exenatide BID 
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therapy combined with insulin. These reductions occurred 
while patients maintained their current number and dose of 
hydroxymethylglutaryl-coenzyme A (HMG CoA) reductase 
inhibitors. LDL-C and HDL-C were not changed significantly. 
Likewise, there were no significant changes in systolic or 
diastolic blood pressure which were both normal at baseline. 

In their insurance claims database study, Levin et al. reviewed 
the lipid profile from 44-45 patients who added insulin glargine 
to existing exenatide BID treatment and 77-79 patients who 
used the opposite treatment sequence [45]. When exenatide 
BID was added to insulin glargine, there was a statistically 
significant decrease in LDL-C (— 11.4mg/dl, — 0.30mmol/l) 
and a decrease in triglycerides (— 14.8mg/dl, — 0.17mmol/l) 
which was not statistically significant. Triglyceride reduction 
was statistically significant when insulin glargine was added to 
exenatide BID (—60.0 mg/dl, —0.68 mmol/1). In a separate ret- 
rospective chart review, Levin et al. found no significant changes 
in blood pressure over 24 months of follow up in patients who 
combined GLP-1 RA and insulin in either sequence [46]. 

Beneficial changes associated with the combination therapy 
were also reported from observational and clinical practice 
studies focused on type 2 diabetes patients with obesity. Nayak 
et al. reported a significant reduction in systolic blood pressure 
in patients treated with exenatide BID and insulin (—9 mm Hg 
at 12 months compared to baseline) [47] while diastolic blood 
pressure increased slightly (+4 mm Hg at 12 months) and 
total cholesterol was unchanged. Viswanathan et al. reported 
a marked 26% decrease in plasma triglycerides (—53 mg/dl, 
—0.60 mmol/1) in patients who added exenatide BID to insulin 
therapy [42]. The reduction in total cholesterol (—14 mg/dl, 
—0.36 mmol/1) was statistically significant but similar to that 
in the control group and no significant changes were observed 
in HDL-C or LDL-C. Notably, total cholesterol was within the 
normal range at baseline and all patients were taking HMG CoA 
reductase inhibitors which remained at stable doses throughout 
treatment. Systolic blood pressure was decreased by 9 mm Hg 
in patients receiving exenatide BID and insulin while diastolic 
pressure did not change significantly in either treatment 
group. Finally, in a small clinical practice study with obese 
patients, Phillips et al. [48] reported significant reductions of in 
triglycerides (—63 mg/dl, —0.71 mmol/1) and total cholesterol 
(—19 mg/dl, —0.21 mmol/1) which were of similar magnitude 
as in the Viswanathan et al. study [42]. Smaller reductions in 
HDL and LDL-C did not reach statistical significance. 

In general, results from these real-world studies are consis- 
tent with results from controlled clinical trials evaluating exe- 
natide BID (not in combination with insulin) relative to placebo 
or insulin. In those studies reductions in systolic blood pressure 
and triglycerides were the most consistent findings [29]. 

Adverse Events and Tolerability 

Information on adverse events and tolerability for GLP-1 RAs 
used in combination with insulin is presented in Table 4. These 
data show a similar overall profile for combination treatment 
with GLP- 1 RA and insulin as has been previously reported 
for use of GLP-1 RAs as monotherapy or in combination with 
OAMs. Furthermore, this literature review revealed no specific 
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event or pattern of safety concerns to indicate a unique safety 
profile when GLP-1 RAs are combined with insulin therapy. 

Overall Adverse Events Profile 

Gastrointestinal events were consistently reported across the 
literature reviewed. Nausea was most common, affecting 
23-41% of exenatide BID-treated patients [41,49,52], 40% 
of lixisenatide QD-treated patients [53], and 17-26% of 
liraglutide-treated patients [57]. Vomiting and diarrhoea were 
also reported in some studies (Table 4). Gastrointestinal events 
were primarily considered mild and transient in nature. These 
events were also the most frequently cited type of adverse 
event that led patients to discontinue GLP-1 RA treatment 
[16,41,47,48,53,57,61]. This event pattern is consistent with 
the literature for GLP-1 RAs used alone or in combination with 
OAMs showing that gastrointestinal events with GLP- 1 RA 
therapy tend to be mild or moderate in severity and decrease 
in occurrence with continued dosing [19,20,23]. 

Non-gastrointestinal adverse events reported with GLP- 
1 RA and insulin use varied across organ systems and showed 
no unique pattern based on type of GLP-1 RA or insulin 
therapy. Deaths and serious adverse events (events that were 
life-threatening or led to hospitalization) were rarely reported. 
In clinical trials, where comparators were included and event 
collection was most rigorous, the number of serious events 
was similar between patients treated with exenatide BID [52], 
lixisenatide QD [53] and placebo when each treatment was 
added to an existing basal insulin regimen. 

Hypoglycaemia 

A major concern with antidiabetes treatments, particularly 
insulin and insulin secretagogues such as sulphonylureas or 
meglitinides, is the risk for iatrogenic hypoglycaemia. In 
contrast, GLP- 1 RAs, when used without insulin secretagogues 
do not increase the risk for hypoglycaemia because of the 
glucose-dependent nature of their stimulation of insulin release 
(e.g. [23]). The potential for GLP-1 RAs to lower glucose 
concentrations without increasing the risk for hypoglycaemia 
when used in combination with insulin is one of the regimen's 
most attractive features. Thus, the rate and incidence of 
hypoglycaemia across clinical trials and observational/clinical 
practice studies was explored (Table 4). While information on 
hypoglycaemic events was reported in many publications, the 
definitions used for classifying events were often not available. 
When definitions were provided, they differed across studies. 
For example, Riddle et al. defined mild hypoglycaemia as 
symptoms only or a blood glucose <3.9 mmol/1 and moderate 
hypoglycaemia as a blood glucose <2.8 mmol/1 [54] . Buse et al. 
defined hypoglycaemia as signs or symptoms of hypoglycaemia 
with a blood glucose < 3 mmol/1 [ 52 ] . Viswanathan et al. defined 
hypoglycaemia as blood glucose <3. 4 mmol/1 [42]. While 
definitions for severe or major hypoglycaemia also differed 
across studies, they consistently included the aspect of requiring 
assistance for treatment. Given the diversity of definitions for 
hypoglycaemia, the most meaningful comparisons and patterns 
were discerned versus comparator treatments within clinical 
trials. 
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As with the efficacy results, information on hypoglycaemia 
from observational studies was available primarily for 
combinations of insulin with exenatide BID, consistent with 
the greater length of time exenatide has been commercially 
available compared to liraglutide. Among the observational 
trials which reported hypoglycaemia rates [16,41,43,45,46,62], 
between 2 and 12% of patients experienced hypoglycaemia 
while on the combination of exenatide BID and insulin. Severe 
hypoglycaemia was reported in 0-2% of patients in these trials. 

Differences in designs and the availability of data in 
observational studies preclude comparison of results between 
the trials; however, several of these real-world studies provide 
useful internal comparisons. In the largest study (ABCD) 
Thong et al. [43] reported an 8.9% incidence of hypoglycaemia 
among patients who used exenatide BID in combination with 
insulin and OAMs compared with a 6.1% incidence among 
those using exenatide BID without insulin. There were 2 cases 
of severe hypoglycaemia (approximately 0.1% of patients) 
in the insulin/exenatide combination group and no cases 
reported in those using exenatide without insulin. There was 
no insulin only comparison group. A large insurance claims 
database (HealthCore Integrated Research database) review 
of patients who had filled prescriptions for exenatide BID 
and basal insulin examined hypoglycaemic events for those 
continuing concomitant use of both drugs compared to those 
who continued basal insulin alone or exenatide alone [62] . The 
average number of hypoglycaemic events in a 6-month period 
was significantly lower among patients who continued basal 
insulin with exenatide (0.03 events/patient, 1.9% of patients) 
compared to those who continued on basal insulin without 
exenatide (0.1 events/patient, 2.9% of patients). Those who 
continued exenatide BID but stopped insulin experienced an 
average of 0.02 events/patient (1.8% of patients). To examine 
treatment sequence effects, Levin et al. compared efficacy and 
adverse events associated with exenatide BID added to insulin 
glargine and vice versa in two separate observational studies 
[45,46]. In a retrospective chart review of 165 patients, Levin 
et al. [46] observed similar incidences of hypoglycaemia, mean 
glucose values and severe hypoglycaemia for both sequences. 
In an insurance claims database review of 422 patients, Levin 
et al. [45,63] reported an increase from 0.25 to 0.75 events per 
patient year for patients adding insulin glargine to exenatide 
BID while the rate increased from 0. 1 7 to 0.57 events per patient 
year for those adding exenatide BID to insulin glargine. These 
data suggest, at least for exenatide BID, that the treatment 
sequence used was not associated with a difference in risk of 
hypoglycaemia. 

As expected because of the more structured and rigorous 
collection of adverse events, the incidence of hypoglycaemia 
was greater in the randomized clinical trials compared to the 
observational studies. Buse et al. observed a 25% incidence of 
mild hypoglycaemia and 1 .4 events/patient year among patients 
who added exenatide BID to insulin glargine compared to a 
29% incidence and 1.2 events/patient year for patients who 
added placebo to existing insulin glargine [52]. Riddle et al. 
reported a 53 % incidence of mild hypoglycaemia with exenatide 
BID and insulin glargine compared to a 41% among patients 
receiving placebo and insulin glargine [54]. Importantly, Buse 



et al. [52] and Riddle et al. [54] studied patients who were 
not using concomitant sulphonylurea which have previously 
been shown to increase the risk of hypoglycaemia when used in 
conjunction with exenatide. Seino et al. [53] examined a more 
diverse population of OAM users. Among patients not using 
a sulphonylurea, they reported a hypoglycaemia incidence 
of 33% when lixisenatide QD was added to basal insulin 
compared with 28% for placebo and basal insulin. When 
treatments were added to basal insulin plus sulphonylurea, the 
hypoglycaemia incidence was 47% among lixisenatide users 
while it remained 22% among placebo users [53]. For these 
comparator-controlled studies, severe hypoglycaemia was rare 
with only Buse et al. [52] reporting events (<1% in placebo 
group, none with exenatide BID). These observations are 
consistent with those for patients treated with GLP-1 RAs in 
combination with metformin and/or thiazolidinediones in that 
addition of exenatide BID to a treatment regimen without 
insulin-secretagogues is not associated with an increased 
risk of hypoglycaemia [18,19,21]. No data are available for 
randomized controlled studies comparing liraglutide QD 
in combination with basal insulin versus other treatment 
combinations including insulin. 

An important consideration for evaluating hypoglycaemia 
risk associated with GLP- 1 RA and insulin combination 
treatment is whether doses of existing medications are adjusted 
when GLP-1 RA or basal insulin is added to the other treatment. 
Details of dose adjustments were not available for most of 
the studies reviewed. Two studies described the insulin dose 
adjustments made when exenatide BID was added to existing 
insulin therapy. At treatment onset, Buse et al. [52] reduced 
insulin glargine doses by 20% in patients whose HbAlc was 
< 8% . Titration of insulin glargine to glycaemic target values was 
not resumed in these patients until week 5 of treatment. In their 
observational study, Viswanathan et al. [42] noted that insulin 
doses were reduced by 10% if HbAlc was <7.5% at the time 
exenatide BID was added. Sulphonylurea use was discontinued 
in some studies [47,59,64]. The variety of dose-adjustment 
scenarios across studies in addition to the differences in study 
designs complicates interpreting the value of prospective dose 
adjustments to hypoglycaemia risk. 

Potential Adverse Events of Special Concern 

Acute Pancreatitis. Patients with type 2 diabetes have an 
increased risk of developing acute pancreatitis [65], a rare 
and potentially serious clinical event that has been observed 
with GLP- 1 RA treatment in liraglutide QD clinical trials 
[66] and through post-marketing surveillance of marketed 
exenatide BID [33,67]. Post-marketing surveillance is subject 
to reporting bias and cannot be used to calculate the incidence 
of an adverse event. In contrast, large epidemiological studies 
using different databases and analytic methods did not find a 
significantly increased risk of pancreatitis in users of exenatide 
BID compared with users of other antidiabetes agents [68-71], 
suggesting that incidence of pancreatitis may be related to the 
underlying disease rather that use of a particular drug. Among 
the studies of GLP- 1 RA use in combination with insulin 
reviewed herein, Phillips etal. [48] reported two suspected cases 
of pancreatitis among patients who discontinued treatment due 
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to abdominal pain with elevated amylase and lipase. Yoon et al. 
[41] also reported 1 case of pancreatitis that was confirmed 
by elevated serum lipase and computerized tomography scan 
of the pancreas. In the randomized controlled trials reviewed 
there were no reported cases of pancreatitis in patients treated 
with the GLP-1 RA and insulin combinations. 

Cancer. Subjects with type 2 diabetes are at significantly higher 
risk for many forms of cancer and it has been hypothesized 
that chronic insulin treatment might facilitate neoplastic 
growth [72,73]. An increased risk of thyroid tumours has 
been identified in nonclinical toxicology studies of GLP-1 RAs 
in rodents [33,66], however, the relevance of these findings 
to humans is unclear. One study analyzing the US FDA 
Adverse Events Reporting System (AERS) database showed 
a significantly increased reporting rate of pancreatic cancer 
in patients treated with GLP-1 based therapies (exenatide 
BID and sitagliptin) but the well-known limitations of the 
AERS database, including incomplete data and reporting biases 
preclude any conclusions from being drawn [74]. Again, the 
reporting of cancer cases may be linked with the increase risk 
of cancer in patients with diabetes rather than treatment with 
a particular medication. 

As both insulin analogues and GLP- 1 RAs have been 
potentially associated with neoplasms, the question arises 
whether combined use of these agents would promote 
tumorigenicity. Evidence from in vitro and in vivo studies 
suggests that stimulation of insulin and GLP-1 receptors 
can cause cell proliferation via distinct intracellular signalling 
pathways. Whether there are additive or synergistic interactions 
is unknown; however, the potential proliferative effects of 
these pathways seem to be limited to specific types of cells. 
In the combination therapy literature reviewed herein one 
case of cancer (target tissue not specified) was reported in 
a retrospective observational study of exenatide BID used in 
combination with insulin in a study of obese patients with a 
long duration of diabetes (average 15.1 years) [16]. No other 
tumours or malignancies were reported in the literature for the 
combination treatment. Due to the rarity of such adverse events, 
it would take much larger exposure to evaluate any potential 
additive relationship on cancer risk between GLP-1 RAs and 
insulin. 

Discussion 

The wide variety of studies reviewed here provides a 
comprehensive assessment of combination therapy with GLP- 
1 RAs and basal insulin to improve glycaemic control and 
reduce body weight with a low risk of hypoglycaemia. The 
observational and clinical practice studies discussed tended 
to show greater weight loss than the randomized controlled 
trials while the randomized controlled trials tended to show 
greater glycaemic improvements with the combinations of 
GLP-1 RAs and basal insulin. Differences in how insulin doses 
were adjusted during the combination therapy may be a 
primary reason for the range of findings between studies. 
In general, for studies in which insulin was aggressively titrated 
to optimize glycaemic benefits, there was less weight benefit 
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of the combination therapy. In contrast those studies with a 
protocol focus on insulin sparing tended to show greater weight 
loss and more modest glycaemic benefits with the combination 
therapy. In this context clinicians should avoid over-reduction 
of insulin and other diabetes medications when initiating GLP- 
1 RA combination therapy in poorly controlled patients (as 
discussed [43]). 

Overweight and obesity are prevalent in type 2 diabetes and 
the ability to offer patients therapies associated with weight 
loss are consistent with recent guidelines on 'patient-centred' 
or 'individualized management' approaches and can lead to 
improved medication adherence and patient satisfaction. These 
GLP-1 RA/basal insulin combinations may be particularly 
advantageous for obese patients with long-standing type 2 
diabetes for mitigating the weight gain associated with insulin 
therapy, improving glycaemic control, and/or reducing insulin 
requirements. For patients who are unable to achieve adequate 
glycaemic control with basal insulin and OAMs, intensification 
of therapy with the addition of a short-acting GLP-1 RA may 
offer a number of advantages compared to the addition of 
rapid-acting prandial insulin. These include reduced risk of 
hypoglycaemia and weight gain compared to rapid-acting 
insulin [30]. Obese patients also have elevated cardiovascular 
risk and importantly a number of the studies found that 
GLP-1 RA/insulin combination therapy was associated with 
improvements in cardiovascular risk factors, most notably 
systolic blood pressure and triglycerides. However, outcome 
studies are needed to measure the long-term effects of these 
combinations on cardiovascular morbidity and several such 
large studies are in progress which include combinations 
of the GLP-1 RAs and insulin (the liraglutide LEADER trial 
[NCTO 11 79048], the exenatide EXSCEL trial [NCT01 144338], 
and the dulaglutide REWIND trial [NCT01394952]; see 
www.clinicaltrials.gov) . 

Weight loss or attenuation of weight gain can be beneficial 
for slowing disease progression in type 2 diabetes and reducing 
mortality related to cardiovascular risk. In general, the addition 
of GLP-1 RAs to existing basal insulin regimens was associated 
with weight loss. In contrast, the addition of basal insulin to 
GLP-1 RAs was associated with no change in weight or an 
attenuation of the weight gain often observed in patients who 
have basal insulin added. This was shown in three controlled 
clinical trials examining the addition of basal insulin (glargine, 
detemir or ILPS) to existing GLP1-RA therapy [54-56,58,59]. 
Despite the varied trial designs each combination resulted in 
reductions in HbAlc without significant weight gain. 

To control the considerable health economic burden 
of diabetes, patient management must address obesity, 
cardiovascular disease, microvascular complications, renal 
complications and hypoglycaemia in considering the cost 
effectiveness of available treatment options. The issue of cost 
effectiveness is particularly important for GLP- 1 RA/insulin 
combinations since the only insulins currently approved for 
this use are the relatively expensive long-acting analogues and 
GLP-1 RAs are also an expensive class of medications. However, 
because combination therapy with GLP- 1 RAs and basal insulin 
improves glycaemic control, reduces body weight and improves 
cardiovascular risk factors it may lead to reduction in costly 
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complications of diabetes. Indeed, a formal analysis of the cost- 
effectiveness of exenatide BID/insulin glargine conducted for 
the Scottish Medicines Consortium [75] using the extensively 
validated Centre for Outcomes Research Diabetes Model [76] 
and data estimated from Buse et al. [ 52 ] found a cost per quality- 
adjusted life year gained which meets thresholds considered 
cost-effective in the United Kingdom and the United States [ 77] . 

The majority of studies reviewed employed a basal, long- 
acting insulin, usually insulin glargine, for the combination. 
A few studies evaluated GLP-1 RA use in combination with 
multiple daily injection regimens of short-acting, rapid- 
acting or insulin mixtures. There is a compelling rationale for 
combining basal insulin (driving fasting glucose reduction) and 
a short- acting GLP-1 RA (driving postprandial glucose reduc- 
tion due to effects on gastric emptying, glucagon and insulin) 
so from a clinical standpoint it makes more sense to substitute 
a GLP-1 RA for prandial insulin rather than combine the two 
agents. In this context, several studies reported the addition of 
exenatide BID was associated with a notable reduction of the 



rapid-acting insulin dose [16,41,42] or discontinuation of the 
insulin altogether [41]. The merits of intensification of basal 
insulin therapy with a GLP-1 RA versus a prandial insulin are 
being directly investigated in two ongoing trials comparing 
the rapid-acting insulin lispro with either exenatide BID or the 
developmental agent albiglutide QW (Table 5). 



Place in Therapy 

Addition of a short-acting GLP-1 RA is a more convenient 
intensification strategy compared to adding meal-time 
injections of rapid-acting insulin because the fixed dosing 
does not require adjustments for meal sizes and carbohydrate 
content. These advantages may lead to greater compliance 
and patient satisfaction and future studies should address 
this possibility. Most of the literature reviewed herein reports 
studies of GLP- 1 RA and insulin combination in patients with 
very advanced disease, consistent with the available treatment 
algorithms. More studies are needed to establish which other 



Table 5. Ongoing and recently completed GLP1-RA + insulin studies from Clinicaltrials.gov. 



Citation 


Phase 


Intervention 


Background 
treatment 


Estimated 
enrollment 


Treatment 
duration 


Primary outcome 


Status 


Est. Completion 
for primary 
outcome 


NCT01 191268 


III 


Dulaglutide QW 


±OAMs 


837 


52 weeks 


AHbAlcat26weeks 


Active 


February 2012 






+ lispro* 


















Glargine + lispro* 














NCT00976391 


III 


Albiglutide 


±OAMs 


500 


26 weeks 


AHbAlcat26weeks 


Completed 


March 2011 






QW + glargine 


















Lispro* + glargine 














NCTO 1476475 


II 


Lixisenatide QD 


Metformin 


310 


24 weeks 


AHbAlcat24weeks 


Recruiting 


December 2012 






+Glargine 


















Glargine 














NCT00715624 


III 


Lixisenatide QD 


Basal Insulin ± 


450 


24 weeks 


AHbAlcat24weeks 


Completed 


February 2011 






Placebo 


Metformin 












NCT00975286 


III 


Lixisenatide QD 


Glargine + Met- 


446 


24 weeks 


AHbAlcat24weeks 


Completed 


August 2011 






Placebo 


formin ± TZD 












NCT01336023 


III 


Liraglutide QD 


OAMs 


1660 


26 weeks 


AHbAlcat26weeks 


Active 


November 2012 






Degludect 


















Liraglutide 


















QD + degludecf 














NCT01392573 


III 


Degludect 


Metformin 


382 


26 weeks 


AHbAlcat26weeks 


Active 


October 2012 






Liraglutide 


















QD + Degludect 














NCT01505673 


IV 


Liraglutide QD 


High dose insulin 


80 


6 months 


AHbAlc at 2 and 6 months 


Recruiting 


June 2013 






Placebo 














NCT00960661 


III 


Exenatide BID 


Glargine Met- 


975 


30 weeks 


AHbAlcat30weeks 


Recruiting 


August 2012 






Lispro* 


formin ± SU 












NCT01006889 


IV 


Exenatide BID 


Detemir 


24 


6 months 


Hepatic steatosis 


Active 


December 2009 


NCTO 1140893 


II/III 


Exenatide BID 


CSII 


110 


26 weeks 


AHbAlc at 26 weeks 


Recruiting 


May 2012 






Placebo 














NCT01076842 


IV 


Detemir 


>2 OAMs 


75 


24 weeks 


AHbAlc at 24 weeks 


Completed 


April 2011 






Exenatide BID 


















Detemir + 


















exenatide BID 















BID, twice daily; CSII, continuous subcutaneous insulin infusion; OAM, oral antihyperglycaemic medication; QD, once daily; QW, once weekly; SU, 
sulphonylurea; TZD, thiazolidinediones. Compiled from www.clinical trials.gov. Accessed 21 March 2012. 
♦Insulin lispro, a rapid-acting insulin. 

tlnsulin degludec, an long-acting insulin under development. 
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patients may benefit. For example, future studies should 
examine these combinations in patients with shorter duration 
of diabetes. 

The studies reviewed were based predominantly on exe- 
natide BID because of its tenure in the marketplace and there 
are fewer reports of liraglutide QD or lixisenatide QD used 
in combination with insulin. While the majority of benefits 
of GLP-1 RA can theoretically be exerted by all GLP-1 RAs, 
exenatide BID appears to exert a greater reduction on post- 
prandial glucose compared to the longer-acting liraglutide QD 
[17] or exenatide QW [15]. This distinction may be related to 
its shorter half-life and the peaking of its plasma concentration 
during the postprandial period and it suggests a potential niche 
for exenatide BID in combination with basal insulin [30]. 
In contrast the longer-acting GLP-1 RAs exert greater effects 
on fasting glucose than the short- acting GLP-1 RAs and the 
selection of which agent to use among the available GLP-1 RAs 
can be guided, at least partially, by which glycaemic disturbance 
is more prominent in an individual patient [78] . Head-to-head 
studies of combinations with insulin are needed to directly 
compare the relative merits of the various GLP-1 therapies. 

There is no information available on combined use 
of the long-acting exenatide QW with insulin. However, 
the combination of a long- acting GLP-1 RA agonist with 
a short-acting insulin would also offer the advantages of 
complementary pharmacologies and could theoretically result 
in improvements of both fasting and postprandial glycaemic 
control. There are ongoing studies (Table 5) with the 
once weekly GLP-1 RAs in development (dulaglutide and 
albiglutide) with either basal or mealtime insulin. 

Acknowledgements 

The authors thank Leigh Mac Conell, Mary Beth DeYoung and 
Raffaella Gentilella for critically reviewing the manuscript. This 
literature review was sponsored by Amylin Pharmaceuticals, 
Inc. 

Conflict of Interest 

A. H. B. has received honoraria for speaking, advisory work 
and research funding from Servier, MSD, Novartis, Takeda, 
GlaxoSmithKline, Bristol-Myers Squibb, AstraZeneca, Eli Lilly 
and Company, Novo Nordisk, Roche, sanofi-aventis and 
Boehringer Ingelheim. I. E. H. and R. B. are employees and 
stockholders of Eli Lilly and Company. S. M. is an employee 
and stockholder of Amylin Pharmaceuticals, LLC. All authors 
had access to data, a role in writing the manuscript and met 
authorship criteria. 

References 

1. Wysham CH. New perspectives in type 2 diabetes, cardiovascular risk, and 
treatment goals. Postgrad Med 2010; 122: 52-60. 

2. Inzucchi SE, Bergenstal RM, Buse JB et a/. Management of hyperglycemia 
in type 2 diabetes: a patient-centered approach: position statement of 
the American Diabetes Association (ADA) and the European Association 
for the Study of Diabetes (EASD). Diabetes Care 2012; 55: 1577-1596. 



DIABETES, OBESITY AND METABOLISM 

3. Abraira C, Henderson WG, Colwell JA et al. Response to intensive therapy 
steps and to glipizide dose in combination with insulin in type 2 diabetes. 
VA feasibility study on glycemic control and complications (VA C5DM). 
Diabetes Care 1998; 21: 574-579. 

4. Hoerger TJ, Ahmann AJ. The impact of diabetes and associated 
cardiometabolic risk factors on members: Strategies for optimizing 
outcomes. J Manag Care Pharm 2008; 14: S2-S14. 

5. Dodd AH, Colby MS, Boye KS, Fahlman C, Kim S, Bnefel RR. Treatment 
approach and HbA1c control among US adults with type 2 diabetes: 
NHANES 1999-2004. Curr Med Res Opin 2009; 25: 1605-1613. 

6. Koro CE, Bowlin SJ, Bourgeois N, Fedder DO. Glycemic control from 1988 
to 2000 among U.S. adults diagnosed with type 2 diabetes: a preliminary 
report. Diabetes Care 2004; 27: 17-20. 

7. Riddle MC, Rosenstock J, Gench J. The treat-to-target trial: randomized 
addition of glargine or human NPH insulin to oral therapy of type 2 
diabetic patients. Diabetes Care 2003; 26: 3080-3086. 

8. Monnier L, Colette C. Addition of rapid-acting insulin to basal insulin 
therapy in type 2 diabetes: indications and modalities. Diabetes Metab 
2006; 32: 7-13. 

9. tipska KJ, Kosiborod M. Hypoglycemia and adverse outcomes: marker or 
mediator? Rev Cardiovasc Med 2011; 12: 132-135. 

10. Desouza CV, Boll i GB, Fonseca V. Hypoglycemia, diabetes, and 
cardiovascular events. Diabetes Care 2010; 33: 1389-1394. 

11. Cryer PE. The barrier of hypoglycemia in diabetes. Diabetes 2008; 57: 
3169-3176. 

12. Stonehouse AH, Holcombe JH, Kendall DM. Management of type 2 
diabetes: the role of incretin mimetics. Exp Opin Pharmacother 2006; 
7: 2095-2105. 

13. Barnett AH, Burger J, Johns D et al. Tolerability and efficacy of exenatide 
and titrated insulin glargine in adult patients with type 2 diabetes 
previously uncontrolled with metformin or a sulfonylurea: a multinational, 
randomized, open-label, two-period, crossover noninferiority trial. Clin 
Ther 2007; 29: 2333-2348. 

14. Rosenstock J, Fonseca V. Missing the point: substituting exenatide for 
nonoptimized insulin: going from bad to worse!. Diabetes Care 2007; 30: 
2972-2973. 

15. Drucker DJ, Buse JB, Taylor K et al. Exenatide once weekly versus twice 
daily for the treatment of type 2 diabetes: a randomised, open-label, 
non-inferiority study. Lancet 2008; 372: 1240-1250. 

16. Sheffield CA, Kane MP, Busch RS, Bakst G, Abelseth JM, Hamilton RA. 
Safety and efficacy of exenatide in combination with insulin in patients 
with type 2 diabetes mellitus. Endocr Pract 2008; 14: 285-292. 

1 7. Buse JB, Rosenstock J, Sesti G et al. Liraglutide once a day versus exenatide 
twice a day for type 2 diabetes: a 26-week randomised, parallel-group, 
multinational, open-label trial (LEAD-6). Lancet 2009; 374: 39-47. 

18. Marre M, Penfornis A. GLP-1 receptor agonists today. Diabetes Res Clin 
Pract 2011; 93: 317-327. 

19. Christensen M, Knop FK, Vi Isball T, Hoist JJ. Lixisenatide for type 2 diabetes 
mellitus. Exp Opin Invest Drugs 2011; 20: 549-557. 

20. Perry CM. Liraglutide: a review of its use in the management of type 2 
diabetes mellitus. Drugs 2011; 71: 2347-2373. 

21. Madsbad S, Kielgast U, Asmar M, Deacon CF, Torekov SS, Hoist JJ. An 
overview of once-weekly glucagon-like peptide-1 receptor agonists- 
available efficacy and safety data and perspectives for the future. Diabetes 
Obes Metab 2011; 13: 394-407. 

22. DeFronzo RA, Okerson T, Viswanathan P, Guan X, HolcombeJH, MacConell L. 
Effects of exenatide versus sitagliptin on postprandial glucose, insulin and 
glucagon secretion, gastric emptying, and caloric intake: a randomized, 
cross-over study. Curr Med Res Opin 2008; 24: 2943-2952. 



500 I Balena et al. 



Volume 15 



. 6 Mune 2013 



DIABETES, OBESITY AND METABOLISM 



23. Gentilella R, Bianchi C, Rossi A, Rotella CM. Exenatide: a review from 
pharmacology to clinical practice. Diabetes Obes Metab 2009; 11: 
544-556. 

24. Kahn SE. Clinical review 135: The importance of ^-cell failure in the 
development and progression of type 2 diabetes. J Clin Endocrinol Metab 
2001; 86: 4047-4058. 

25. Fehse F, Trautmann M, Hoist JJ ef al. Exenatide augments first- and second- 
phase insulin secretion in response to intravenous glucose in subjects with 
type 2 diabetes. J Clin Endocrinol Metab 2005; 90: 5991-5997. 

26. Bunck MC, Diamant M, Corner A ef al. One-year treatment with exenatide 
improves ^ -eel I function, compared to insulin glargine, in metformin 
treated type 2 diabetes patients: a randomized, controlled trial. Diabetes 
Care 2009; 32 762-768. 

27. Bunck MC, Corner A, Eliasson B ef al. Effects of exenatide on measures 
of ^-cell function after 3 years in metformin-treated patients with type 2 
diabetes. Diabetes Care 2011; 34: 2041-2047. 

28. Drucker DJ, Nauck MA. The incretin system: glucagon-like peptide-1 
receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes. 
Lancet 2006; 368: 1696-1705. 

29. Okerson T, Chilton RJ. The cardiovascular effects of GLP-1 receptor agonists. 
Cardiovasc Ther 2012; 30: e146-e155. 

30. Nauck MA, Meier JJ. Pharmacotherapy: GLP-1 analogues and insulin: sound 
the wedding bells? Nat Rev Endocrinol 2011; 7 193-195. 

31. Lmnebjerg H, Park 5, Kothare PA ef al. Effect of exenatide on gastric 
emptying and relationship to postprandial glycemia in type 2 diabetes. 
Regul Pept 2008; 151: 123-129. 

32. Astrup A, Rossner S, Van Goal L ef al. Effects of liraglutide in the treatment 
of obesity: a randomised, double-blind, placebo-controlled study. Lancet 
2009; 374: 1606-1616. 

33. Pharmaceuticals Inc A. BYETTA® exenatide injection [prescribing 
information]. San Diego, CA: Amylin Pharmaceuticals, Inc, 2011. 

34. European Medicines Agency. 2011. Outcome of extension of indication 
application for for Victoza (liraglutide). Available from URL: http://www. 
ema.europa.eu/docs/en_GB/document_library/Summary_of_opinion/ 
human/001026/WC500112831.pdf. Accessed 29 February 2012. 

35. European Medicines Agency. 201 2. Levemir Product Information. Available 
from URL: http://www.ema.europa.eu/docs/en_GB/document_library/ 
EPAR_-_ProductJnformation/human/000528/WC500036662.pdf. 
Accessed 29 February 2012. 

36. Tzefos M, OlinJL. Glucagon-like peptide-1 analog and insulin combination 
therapy in the management of adults with type 2 diabetes mellitus. Ann 
Pharmacother 2010; 44: 1294-1300. 

37. Perfetti R. Combining basal insulin analogs with glucagon-like peptide-1 
mimetics. Diabetes Technol Ther 2011; 13: 873-881. 

38. Ryder REJ, Thong KY, Cull ML, Mills AP, Walton C. The Association of British 
Clinical Diabetologists (ABCD) nationwide exenatide and liraglutide audits 
(Abstract 804). Diabetologia 2011; 54(Suppl 1): S326. 

39. Anholm C, Frandsen H, H0jgaard-Hansen EC, Vestergaard H, Madsbad 
S. Use of once daily liraglutide in type 2 diabetes: clinical practice and 
experiences from combination with oral antidiabetic drugs or insulin 
(Abstract 1142-P). Diabetes 2011; 60: A314. 

40. Lmd M, Jendle J, Torffvit 0, Lager I. Glucagon-like peptide 1 (GLP-1) 
analogue combined with insulin reduces HbA1c and weight with low 
risk of hypoglycemia and high treatment satisfaction. Prim Care Diabetes 
2012; 6: 41-46. 

41. Yoon NM, Cavaghan MK, Brunelle RL, Roach P. Exenatide added to 
insulin therapy: a retrospective review of clinical practice over two years 
in an academic endocrinology outpatient setting. Clin Ther 2009; 31: 
1511-1523. 



42. Viswanathan P, Chaudhuri A, Bhatia R, Al-Atrash F, Mohanty P, Dandona P. 
Exenatide therapy in obese patients with type 2 diabetes mellitus treated 
with insulin. Endocr Pract 2007; 13: 444-450. 

43. Thong KY, Jose B, Sukumar N ef al. Safety, efficacy and tolerability of 
exenatide in combination with insulin in the Association of British Clinical 
Diabetologists nationwide exenatide audit. Diabetes Obes Metab 2011; 
13: 703-710. 

44. Pawaskar M, Li Q, Lee LJ, Reynolds M, Hoogwerf BJ. Clinical effectiveness of 
concomitant therapy with exenatide BID and basal insulin in patients with 
type 2 diabetes: a real-world analysis (Abstract P 1350). World Diabetes 
Congress. Dubai, United Arab Emirates: International Diabetes Federation, 
2011. 

45. Levin P, Wei W, Wang L ef al. Combination therapy with insulin glargine 
and exenatide: real-world outcomes in patients with type 2 diabetes. Curr 
Med Res Opin 2012; 28: 439-446. 

46. Levin PA, Mersey JH, 2hou S, Bromberger LA. Clinical outcomes using 
long-term combination therapy with insulin glargine and exenatide in 
patients with type 2 diabetes. Endocr Pract 2012; 18: 17-25. 

47. Nayak UA, Govmdan J, Baskar V, Kalupahana D, Singh BM. Exenatide 
therapy in insulin-treated type 2 diabetes and obesity. QJM 2010; 103: 
687-694. 

48. Phillips S, Gulbranson N, Kabadi U. Marked improvement in glycemic 
control with exenatide (Byetta®) on addition to metformin, sulfonylurea 
and insulin glargine in type 2 diabetes mellitus (Abstract 2309-PO). 
Diabetes 2011; 60: A614. 

49. Vithian K, Qureshi A, Chen B, Steer K. Exenatide replacing insulin in 
obese/overweight patients with type 2 diabetes; a district general hospital 
experience (Abstract P342). Diabet Med 2009; 24: 139-140. 

50. Albu J, Raja-Khan N. The management of the obese diabetic patient. Prim 
Care 2003; 30: 465-491. 

51. Davies M, Khunti K. Insulin management in overweight or obese type 2 
diabetes patients: the role of insulin glargine. Diabetes Obes Metab 2008; 
10(Suppl 2): 42-49. 

52. Buse JB, Bergenstal RM, Glass LC ef al. Use of twice-daily exenatide 
in basal insulin-treated patients with type 2 diabetes: a randomized, 
controlled trial. Ann Int Med 2011; 154: 103-112. 

53. Seino Y, Min KW, Niemoeller E, Takami A. Randomized, double- 
blind, placebo-controlled trial of the once-daily GLP-1 receptor agonist 
lixisenatide in Asian patients with type 2 diabetes insufficiently controlled 
on basal insulin with or without a sulfonylurea (GetGoal-L-Asia). Diabetes 
Obes Metab 2012; 14: 910-917. 

54. Riddle M, Ahmann A, Basu A, Aroda V, Ratner R. Metformin + exenatide + 
basal insuiln vs metformin + placebo + basal insulin: reaching A1c <6.5% 
without weight-gain or serious hypoglycemia (Abstract 18-LB). Diabetes 
2010; 59. 

55. BlevinsTC, Arakaki RF, Liljenguist DR eta/. Once-daily basal insulin added to 
oral antihyperglycemic medications (OAMs) and exenatide (Ex) improves 
glycemic control in patients (Pts) with type 2 diabetes (T2D) (Abstract 
19-LB). Diabetes 2012; 59. 

56. Arakaki RF, Blevins TC, Liljenquist DR ef al. Efficacy and safety of 
insulin lispro protamine suspension versus insulin glargine added to 
oral antihyperglycaemic medications and exenatide in patients with type 
2 diabetes (Abstract 979). Diabetologia 2010; 53: S390-S391. 

57. DeVnes JH, Bain SC, Rodbard HW ef al. Sequential intensification of 
metformin treatment in type 2 diabetes with liraglutide followed by 
randomized addition of basal insulin prompted by A1C targets. Diabetes 
Care 2012; 35: 1446-1454. 

58. Bain SC, DeVries JH, Seufert J ef al. Adding insulin determir (IDet) to 
liraglutide and metformin improves glycaemic controls with sustained 
weight reduction and low hypoglycaemia rate: 52 week results (Abstract 
73). Diabetologia 2011; 54: S37. 



Volume 15 I No. 6 June 2013 doi:10.1111/dom. 12025 I 501 



DIABETES, OBESITY AND METABOLISM 



59. RosenstockJ, DeVriesJH, SeufertJ eta/. A new type 2 diabetes treatment 
paradigm: sequential addition of liraglutide to metformin and then basal 
insulin detemir (Abstract 276-OR). Diabetes 2011; 60: A76. 

60. Rodbard H, DeVries JH, Bain SC, et al. Treatment intensification with 
insulin detemir does not compromise liraglutide-associated improvements 
in cardiovascular risk markers (Abstract P 1359). World Diabetes 
Congress. Dubai, United Arab Emirates: International Diabetes Federation, 
2011. 

61. Rachabattula H, Mukhtar RYA, Taylor PN, Robinson AM. Exenatide and 
insulin combination therapy in type 2 diabetes. Diabetes 2011; 60: 
A606(Abstract 2280-PO). 

62. Pawaskar MD, Blickensderfer At, Hoogwerf BJ, Quimbo R, Wade R. 
Hypoglycemia in patients with type 2 diabetes using concomitant 
exenatide BID and long-acting insulin therapy. J Med Econ 2011; 14: 
705-708. 

63. tevin P, Wei W, Wang t, Damon D, Baser O. Clinical characteristics and 
outcomes in patients with type 2 diabetes (T2D) adding insulin glargine to 
exenatide or exenatide to insulin glargine in a US managed care setting. 
Diabetes 2011; 60: A266(Abstract 972-P). 

64. Christofides EA, Boyle PJ, Johnson MT. Real world clinical experience with 
exenatide, a long term study on weight and A1C control. Diabetes 2009; 
58: A154(Abstract 572-P). 

65. Noel RA, Braun DK, Patterson RE, Bloomgren G. Increased risk of acute 
pancreatitis and biliary disease observed in patients with type 2 diabetes: 
a retrospective cohort study. Diabetes Care 2009; 32: 834-838. 

66. Novo Nordisk Inc. Victoza® (liraglutide [rDNA origin] injection), solution for 
subcutaneous use [prescribing information]. Princeton, NJ: Novo Nordisk 
Inc, 2012. 

67. Drucker DJ, Sherman SI, Gorelick FS, Bergenstal RM, Sherwin RS, BuseJB. 
Incretm-based therapies for the treatment of type 2 diabetes: evaluation 
of the risks and benefits. Diabetes Care 2010; 33: 428-433. 

68. Dore DD, Seeger JD. Arnold Chan K. Use of a claims-based active drug 
safety surveillance system to assess the risk of acute pancreatitis with 
exenatide or sitagliptm compared to metformin or glyburide. Curr Med 
Res Opin 2009; 25: 1019-1027. 



69. Wenten M, Gaebler JA, Hussein M ef al. Relative risk of acute pancreatitis 
in initiators of exenatide twice daily compared with other anti-diabetic 
medication: a follow-up study. Diabet Med 2012; 29 1412-1418. 

70. Dore DD, Bloomgren GT, Wenten M ef al. A cohort study of acute 
pancreatitis in relation to exenatide use. Diabetes Obes Metab 2011; 13: 
559-566. 

71. Garg R, Chen W, Pendergrass M. Acute pancreatitis in type 2 diabetes 
treated with exenatide or sitagliptin: a retrospective observational 
pharmacy claims analysis. Diabetes Care 2010; 33: 2349-2354. 

72. Seshasai SR, Kaptoge S, Thompson A et al. Diabetes mellitus, fasting 
glucose, and risk of cause-specific death. N Engl J Med 2011; 364: 
829-841. 

73. ti D, Tang H, Hassan MM, Holly EA, Bracci PM, Silverman DT. Diabetes and 
risk of pancreatic cancer: a pooled analysis of three large case-control 
studies. Cancer Causes Control 2011; 22: 189-197. 

74. Elashoff M. Pancreatitis, pancreatic, and thyroid cancer with glucagon-like 
peptide-1 -based therapies. Gastroenterology 2011; 141: 150-156. 

75. Scottish Medicines Consortium. Exenatide, 5 micrograms & 10 micro- 
grams, solution for injection, prefil led pen (Byetta®). Available from URL: 
http://www.scottishmedicines.org.uk/files/advice/exenatide_Byetta_ 
FINAt_May_2012_for_website.pdf. Accessed 30 August 2012. 

76. Palmer AJ, Roze S, Valentine WJ ef al. The CORE Diabetes Model: Projecting 
long-term clinical outcomes, costs and cost-effectiveness of interventions 
in diabetes mellitus (types 1 and 2) to support clinical and reimbursement 
decision-making. Curr Med Res Opin 2004; 20(Suppl 1): S5-S26. 

77. Towse A. Should NICE'S threshold range for cost per QALY be raised? Yes. 
BMJ 2009; 338: b181. 

78. Fineman MS, Cirincione BB, Maggs D, Diamant M. GLP-1 based therapies: 
differential effects on fasting and postprandial glucose. Diabetes Obes 
Metab 2012; 14: 675-688. 

79. Houser D, Christofides E. Real world clinical experience with exenatide, 
a long term study on weight and A1c control. Diabetes 2011; 60: 
A618(Abstract 2323-PO). 



502 I Balena et al. Volume 15 I No. 6 June 2013 



